Introduction

11
Venus Express is the first spacecraft orbiting Venus since the end of the Magellan 12 Mission in 1994. By comparing the appropriate data sets from these mission, we can (Hashimoto and Sugita, 2003) . From this equation follows that a deviation of 10 % 126 from an emissivity of 0.85 -typical for basalt-results only in a variation in outbound 127 radiation of 2 to 3 % (Hashimoto and Sugita, 2003) . If the surface of Venus typically has 128 a lower emissivity of about 0.6 owing to chemical weathering as proposed by Smrekar data with respect to the fit but introduces no significant bias.
143
The data points are extracted from VIRTIS nightside images with an exposure du- hemisphere are more sparse due to mission constraints, here the median is less effective 153 in removing noise (Mueller et al., 2008) . For the following calculations, the individual
154
VIRTIS measurements are used and not the projected and averaged map representation. 
Magellan GTDR
156
The Magellan GTDR (Version 2.3) used here was reprocessed by Rappaport et al.
spatial resolution varies with latitude between 8 and 27 km .
167
This spatial resolution is however in any case better than the spatial resolution of the 168 VIRTIS data. Near infrared radiation transmitted through the clouds of Venus is dif-
169
fusely scattered and mixing of radiation from different surface areas reduces the spatial 170 resolution to ∼90 km (Hashimoto and Imamura, 2001 ). The GTDR data is here used 171 in comparison with VIRTIS data, which requires that the GTDR spatial resolution be 172 reduced to that of VIRTIS. To this end the GTDR is smoothed with a moving weighted 173 average following the algorithm described in Mueller et al. (2008) . A projection of this
174
smoothed GTDR data set is presented in Fig. 1 b) . 
Comparison of the two data sets
176
We have visually compared the two maps in Fig. 1 and conclude that the Magellan 
181
The method of least squares provides a straightforward way to estimate both the offset 182 in longitude and error of the offset from the χ 2 statistic described in section 3.1 (e.g.
183 Press et al., 1992) . This approach, however, does not easily account for systematic errors, 184 e.g. in the VIRTIS coordinate referencing, or non-random errors that are correlated with 185 location such as those arising from the unknown surface emissivity.
186
Nevertheless, we first proceed with the least squares method to find the offset and to 187 investigate whether the vertical error of VIRTIS derived altimetry allows for a significant 188 estimate of the offset between the data sets. Then the error of the offset is again estimated 189 by using a 'bootstrap' approach (e.g. Press et al., 1992) and by dividing the VIRTIS data 190 set into subsets and finding the offset for each. The latter two methods are more likely
191
to provide an more realistic estimate of the certainty of the result but systematic errors
192
can also additionally impact the accuracy of the result.
193
The problem of accuracy is approached from another direction by testing the effects of bias in the position of the minimum χ 2 . The map in Fig. 1 a) 
254
This may also be due to a correlation of both high emissivity with western slopes 255 9 and low emissivity with eastern slopes, however it seems unlikely that any coincidental emissivity correlation with slope would produce such a symmetrical effect both in high
257
and low emissivity values. The subset with bias to too high values is now more frequent 258 on the steep western slopes, which indicates that the offset of -0.3 deg may be to extreme.
259
To find the best offset, the minimum of χ 2 is found with respect to the transformation 260
x → x that aligns the two data sets. 
Aligning VIRTIS and GTDR
262
To connect the two data sets separated in time by 16 years, the coordinates of VIRTIS 263 data are traced back through time using the to be tested set of rotational parameters 264 prescribing the orientation of Venus. The transformation is
where x and x are VIRTIS data barycentric cartesian coordinates in the frame of 
Offset in Longitude
281
The first test aims to estimate the offset in longitude between the GTDR and VIR- representations of the data sets confirms that this offsets appears to align VIRTIS and
287
GTDR data.
288
The sum of the squares of all altimetry deviations between GTDR and VIRTIS at of 569 m achieved with the additional data processing steps.
315
For the formal confidence interval it is assumed that the error of every data point is is by coincidence not symmetrical ( Fig. 2 b and c) .
355
To better understand the possible influence of surface emissivity variation, data within to the full data set may be due to fewer data and much less topographic features (see 
374
The Magellan radiothermal emission measurements at 12.9 cm wavelength have re-
375
vealed anomalous emissivity at high altitudes above 4 to 5 km .
376
This anomaly is thought to be caused by a highly dielectric mineral that is only stable 1992) and gravity observations . Therefore the three independent 557 spin axis estimates with the smallest formal errors are consistent with each other (Table   558 3). The rotation periods of these models are however inconsistent or nearly inconsistent 559 21 with each other.
560
The inconsistency between the estimates of the period of rotation is puzzling, however The atmosphere is however not the the only possible source of angular momentum 
617
Another aspect of the rotation dynamics of Venus is the proximity of rotation period 618 to a resonance with Earth conjunctions at 243.16 days (e.g. Shapiro et al., 1979 Shapiro et al., , 1990 ).
619
The value of 243.023 days is outside of the interval of rotation periods that can be attained 
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